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A  number  of  evaluations  of  the  effi¬ 
cacy  of  nonviablc  'accincs  against  ex- 
fieriniental  coccidioidomycosis  have 
tieen  made  in  laboratory  animals.  Ne¬ 
groni  etal  (1949)  and  Vogel  et  al  (1954) 
used  guinea  pigs  for  their  studies. 
Friedman  and  Smith  (1956).  Levine  et 
al  (1960,  1961).  Converse  et  al  (1962), 
and  Kong  etal  (1963)  used  mice.  Levine 
et  al  (1962)  and  Sinski  et  al  (1963)  used 
monkeys.  All  these  investigators  found 
that,  although  survival  time  of  the  im¬ 
munized  animals  could  be  extended  by 
the  vaccines  used,  the  majority  of  in¬ 
fected  animals  harbored  viable  Cocciii- 
oidcs  immilis  for  long  periods  after  chal¬ 
lenge. 

Campbell  and  Hill  (1959)  in  their 
studies  of  therapy  in  experimental  coc¬ 
cidioidomycosis  of  mice  found  that  the 
presolubilized  form  of  amphotericin  B 
for  intravenous  use  mas  more  readily 
absorbed  from  the  gastrointestinal  tract 
than  mas  the  preparation  made  for  oral 
use.  The  drug  mas  well  tolerated  and 
demonstrated  no  apparent  clinical  side 
effects.  These  investigators  mere  dile  to 
prolong  survival  in  mice  challenged  with 
C.  immilis  by  mixing  amphotericin  B  in 
the  drinking  mater. 

The  purpose  of  this  study  mas  tocom- 

Kccchxd  for  pulibalioo  July  27,  1961. 

Animals  men:  maintained  in  compliance  whfe 
the  "Principles  td  Laboratory  Animal  Care”  as 
promulgated  In-  the  National  Society  for  Medical 
Ktrarrh  (1961.  Rio-Mcdical  Ilnrocw  1:14}. 

•  I’re-eal  address:  !?.  S.  Army  Medical  Re¬ 
search  and  Nutrition  laboratory.  Fitjsimons 
General  Hospital.  Denver.  Colorado. 

f  IVesent  address:  School  of  Veterinary  Medi¬ 
cine,  Giro  State  Uahersty.  GjJomlaf,  Ohio. 


pare  in  the  dog  (a)  the  efficacy  of  a  non- 
viable  vaccine  administered  via  the  pul¬ 
monary  route  with  that  administered 
subcutaneously  and  (b)  to  determine  the 
degree  of  protection  afforded  by  the  vac¬ 
cinations  in  combination  math  ampho¬ 
tericin  B  therapy. 

METHODS 

Organism. — The  organism  used  in 
these  experiments  mas  C.  immilis.  strain 
Stlveira.  grown  on  modified  Sabouraud 
(0-1%  yeast  extract)  agar  plates  at  34  C 
until  arthrcspqres  were  formed  and  har¬ 
vested  as  a  dry  powder  by  vacuum  ap¬ 
paratus  after  desiccation  of  the  plates. 

Vaccine. — Killed  vaccines  mere  pre¬ 
pared  by  exposure  of  the  arthnospores  to 
0.5%  aqueous  formaldehyde  at  25  C  for 
4S  hours.  The  arthnospores  were  then 
mashed  and  resuspended  in  normal  sa¬ 
line  at  concentrations  of  S  mg  per  ml 
(dry-  weight)  for  the  subcutaneous  and 
intratracheal  vaccines  and  40  mg  per  ml 
for  the  aerosol  vaccine. 

Vaccination. — Pulmonary  vaccination 
mas  accomplished  cither  by  inhalation 
of  the  aerosolized  vaccine  or  by  intra¬ 
tracheal  instillation  of  the  spore  suspen¬ 
sion. 

A  plastic  box  with  a  volume  of  2  cubic 
feet  (equipped  with  an  air  filter  to  main¬ 
tain  normal  air  pressure  within  the  box) 
mas  used  as  an  aerosol  chamber.  Two  5- 
inch  ports  covered  with  slit  rubber  dia¬ 
phragms  permitted  the  insertion  of  the 
dogs'  muzzles  into  thcchambcr  fora  10- 
minutc  exposure  to  the  aerosol.  The 
nozzle  of  a  no.  15  DcVilbiss  nebulizer 
mas  inserted  through  a  small  hole  in  the 
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end  of  the  box.  Four  ml  of  the  vaccine 
(40  mg  per  ml)  were  aerosolized  in  the 
chamber  over  a  period  of  3  minutes. 

Intratracheal  vaccination  was  ac¬ 
complished  after  iranquilizing  the  ani¬ 
mals  with  Sparine  (promazine  hydro¬ 
chloride.  Wyeth  Laboratories,  Inc.). 
One  hand  of  the  assistant  was  placed 
over  the  mouth  and  muzzle  of  the  supine 
animal,  1  ml  of  the  vaccine  (S  mg  per 
ml)  was  injected  intratracheally  3  cm 
below  the  larynx  from  a  2-mi  hypoder¬ 
mic  syringe  fitted  with  a  three-quarter- 
inch  20-gauge  needle,  the  animal  was 
immediately  lifted  with  the  head  up,  and 
the  airway  was  occluded  momentarily. 
Removal  of  the  hand  from  the  muzzle 
resulted  in  immediate  inspiration  of  the 
vaccine  suspension  in  the  trachea. 

Subcutaneous  vaccination  was  made 
by  injection  of  1  ml  of  the  vaccine  (S  mg 
per  ml)  in  the  lateral  thorax  immedi¬ 
ately  posterior  to  the  scapula. 

.411  vaccinations  were  repeated  after  a 
2-wcek  period. 

Respiratory  challenge . — The  challenge 
aerosol  was  generated  in  a  6200-liter  test 
dumber  (Wolfe.  1961)  by  compressed 
air.  The  force  generated  by  rupture  of 
the  diaphragm  covering  the  end  of  a 
metal  tube  containing  viable,  dry  C.  im- 
mitzs  arthrospores  disseminated  them 
throughout  the  chamber.  The  theoreti¬ 
cal  inhaled  dose  was  calculated  from  the 
caoud  concentration,  the  average  volume 
of  canine  lungs,  the  canine  respiration 
rate,  and  the  length  of  exposure.  Cloud 
concentration  was  determined  by  plate 
counts  of  the  contents  of  filter  paper 
samplers  through  which  measured 
amounts  of  the  aerosol  had  been  drawn. 

Therapy. — Oral  therapy  with  presolu- 
bifized  amphotericin  B  (Fungizone, 
E.  R.  Squibb  &  Co.)  was  administered 
either  in  the  drinking  water  or  mixed 
with  the  food  in  a  split  dose  of  75  mg 
twice  a  day  for  20  days.  The  total  dose 
approximated  3  g. 


Pathology. — The  animals  were  s;  en¬ 
ticed  with  veterinary  Nembutal  (Ablott 
Laboratories).  Their  gross  jiathology 
was  recorded,  and  tissues  from  all  vis¬ 
cera  were  fixed  in  10%  formalin,  em¬ 
bedded  in  paraffin,  serially  sectioned, 
and  examined  histologically  after  stain¬ 
ing  with  Ciernsa.  Gomori  silver  methen- 
amine,  and  Ziehl-Xeelscn  arid-fast 
stains. 

RESULTS 

Three  groups  of  mature,  mixed  breed 
dogs  of  both  sexes,  7  to  10  kg  in  weight, 
vaccinated  either  subcutaneously,  intia- 
t radically,  or  via  the  respiratory  route 
by  inhalation,  received  a  respiratory 
challenge  of  approximately  SO.OOQ  ar¬ 
throspores  30  days  after  the  second  vac¬ 
cination,  as  did  another  group  of  non- 
vacrinated  dogs.  Unchallenged  treated 
dogs  and  vaccinated  dogs  (2  per  group) 
were  maintained  as  drug  and  vaccine 
controls. 

Immediately  after  respiratory  chal¬ 
lenge  half  of  the  dogs  in  each  of  the  4 
experimental  groups  were  placed  on  an 
oral  amphotericin  B  therapy  regimen  of 
150  mg  per  day  (dissolved  in  the  drink¬ 
ing  water)  for  20  days.  Eight  weeks  after 
challenge  complete  necropsies  with  his¬ 
tological  studies  of  all  internal  organs 
were  made  on  all  animals. 

Figures  1  through  $  illustrate  the 
pathological  changes  noted  in  the  ani¬ 
mals  in  each  of  2  experiments.  Each 
photograph  is  representative  of  a  large 
number  of  serial  tissue  sections  from  all 
animals  in  its  respective  group.  In  addi¬ 
tion.  figures  5  through  S  serve  to  visual¬ 
ize  the  terms  negative,  minimal,  moder¬ 
ate,  and  severe  patlioiogical  involve¬ 
ment.  referred  to  in  tables  1  and  2. 

In  the  first  experiment  neither  of  the 
pulmonary  routes  of  vaccination  pro¬ 
vided  protection  alone  or  in  combina¬ 
tion  withampbotcririn  B,  nor  was  pro¬ 
tection  provided  by  amphotericin  B 
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all  lobes.  On  sectioning  these  nodules 
gave  the  appearance  of  caseous,  necrot¬ 
ic  granulomata  (figure  7).  Microscopic 

Table  I. — IVMccthe  effect  of  mute  of  vac- 
ricatina  and  amphotericin  B  on  the 
devdopmst  of  jpufaaoaaxy  cncci- 
dioidominris  an  dog* 
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examination  revealed  many  C.  immitis 
spherules  in  all  stages  of  devdopment. 
Protection  was  noted  only  in  the  subcu¬ 
taneously  vaccinated  and  treated  ani- 

Table  2. — IVnttctr.i  effort  of  sahralaecou* 
vacriiulxm and amphotericin  Bun  the 
dodopoiat  of  pufanouaiy  corcidiohkr- 
mitwi>  h  dogs 
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mals  (figures  3  and  5).  Several  dogs  in 
the  subcutaneously  vaccinated  group 
developed  sterile  abscesses  at  the  vac¬ 
cination  site-  Dog  6L9.  presumably  vac¬ 
cinated  intiatrachcally,  developed  a 
similar  abscess  to  the  right  of  the 
trachea  following  his  first  vaccination. 
This,  essentially  a  subcutaneous  vacci¬ 
nation.  may  explain  the  lack  of  histo- 
pathological  changes  in  this  animal. 

The  promising  results  obtained  from 
the  subcutaneously  vaccinated  and 


treated  dogs  led  to  a  repetition  of  this 
portion  of  the  work  in  a  second  experi¬ 
ment.  All  the  conditions  of  the  first  ex¬ 
periment  were  repeated,  except  that  9 
dogs  were  subcutaneously  vaccinated 
instead  of  3  as  before.  These  9,  plus  4 
additional  unvaccinatcd.  untreated 
dogs,  were  then  challenged  via  the 
respiratory  route  with  an  average  in¬ 
haled  dose  of  7000  arthrosporcs-  Ampho¬ 
tericin  B  (150  mg  per  day  for  20  days) 
was  again  dissolved  in  distilled  water. 
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but  for  this  experiment  it  u-as  adminis¬ 
tered  as  a  split  dose  given  twice  daily 
mixed  with  the  animal's  food,  in  both 
experiments  close  attention  was  given 
to  assure  the  dog's  full  daily  receipt  of 
drug.  No  vomiting,  diarrhea,  or  other 
untoward  reactions  were  ever  noted. 
Two  unchallenged  untreated  dogs 
served  as  environmental  room  controls. 

Ten  weeks  after  challenge  ail  animals 
were  necropsied.  The  results  of  this 
experiment  are  shown  in  table  2.  In 
striking  contrast  to  the  severe  disease  in 
the  control  animals  (figure  8),  only  4  of 
the  9  dogs  receiving  vaccination  and 
therapy  demonstrated  any  histopatho- 
logical  changes.  These  changes  were 
very*  minimal  (figure  6)  and  indicative 
of  self  contained  disease. 

The  vaccine  control  dogs  (vaccinated, 
untreated,  unchallenged),  the  environ¬ 
mental  controls  (nonvaccinated,  un¬ 
treated,  unchallenged),  and  the  drug 
controls  (nonvaccinated,  treated,  un¬ 
challenged)  were  without  histological 
interest,  intensive  examination  of  the 
kidney  tissues  of  all  dogs  receiving 
therapy  amounting  to  a  total  dose  of 
more  than  3  g  failed  to  disclose  renal 
changes  due  to  amphotericin  B. 

DISCUSSION 

Hitchncr  and  Rcising  (1952)  demon¬ 
strated  the  feasibility  of  imparting  im¬ 
munity  by  inhalation  of  aerosolized  at¬ 
tenuated  microorganisms.  As  pointed 
out  by  Aleksandrov  and  his  associates 
(195S),  one  of  the  principal  advantages 
of  this  method  is  the  ease  and  rapidity  of 
vaccinating  Large  groups.  Eigclsbnch 
and  co-workers  (1961)  found  evidence 
that  a  erogenic  vaccination  with  attenu¬ 
ated  Pastcurclla  tularcmsis  afforded  per¬ 
haps  greater  immunity  against  tulare¬ 
mia  than  dk)  the  dermal  mute. 

Sinski  ct  al  (1963)  reported  decreased 
mortality  in  monkeys  immunized  with 
lulled,  aerosolized  C.  immitis  arthro- 


spores.  although  all  of  the  animals  con¬ 
tracted  pulmonary  coccidioidomycosis 
when  exposed  to  the  live  organism  via 
the  respiratory  route.  The  results  ol»- 
fained  in  our  study  also  indicated  that 
the  immune  mechanism  was  not  suffi¬ 
ciently  stimulated  bv  inhalation  of 
killed  arthrospores  to  prevent  infection. 
It  is  postulated  that  the  lung  clearance 
mechanism  disposed  of  the  arthrospores 
as  nonviable  particulate  matter  in  suffi¬ 
cient  quantity  to  prevent  an  apparent 
response. 

No  explanation  is  offered  for  the 
sterile  abscesses  that  occurred  at  the  in¬ 
jection  site  in  the  subcutaneously  vac¬ 
cinated  dogs.  This  reaction  was  sulisc- 
quently  greatly  reduced,  but  not  en¬ 
tirely  eliminated,  by  dividing  the  dose 
and  administering  it  in  separate  rites. 

The  nonvaccinated  but  treated  dogs 
were  surprising  in  their  positive  response 
to  challenge-  Previous  amphotericin  B 
tlierapy  of  mice  in  these  laboratories 
(Converse  etal.  1963)  had  substantiated 
the  results  of  Campbell  and  Hill  (1959). 
and  it  had  been  believed  that  the  dogs 
would  at  most  show  rnly  minimal  re¬ 
sponse  to  challenge. 

Cultural  studies  of  the  lung  tissues  in 
these  experiments  were  net  made,  since 
previous  experience  in  our  laboratories 
had  shown  that,  almost  without  excep¬ 
tion.  C.  immitis  can  be  cultured  from 
the  lungs  of  nonvaccinated  challenged 
mice,  monkeys,  or  dogs  and  that  it.  is 
very  difficult  to  culture  C.  immitis  from 
vaccinated  animals  with  minimal,  focal¬ 
ized,  self  contained  coccidioidomycosis, 
even  when  spherules  can  lie  seen  in  his¬ 
tological  sections  stained  with  specific 
fungus  stains.  In  the  latter  instance  the 
possibility  exists  that,  even  though  the 
organism  can  lie  seen  in  the  lesion,  it 
may  lie  nonviable. 

Bdl  ct  al  (1962)  have  reported  in  an 
addendum  the  possible  association  of 
human  and  canine  renal  tubular  damage 
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with  intravenous  administration  of  am¬ 
photericin  B.  Sanford  ct  at  (1962)  de¬ 
scribed  a  nephrocalciuosis  and  marked 
morphological  changes  in  3  renal  bioji- 
sics  of  human  patients,  with  distinct 
renal  functional  deficits  lieing  noted  in 
all  patients  intravenously  treated  with 
amphotericin  B.  I  lowcver.  no  histologi¬ 
cal  evidence  of  renal  damage  attributa¬ 
ble  to  the  use  of  amphotericin  B  was 
seen  in  the  2  dntg  control  dogs  or  in  any 
of  the  animals  receiving  treatment.  A 
slight  increase  in  the  blood  urea  nitro¬ 
gen  values  of  the  drug-control  dogs  was 
noted  during  and  shortly  beyond  the 
test  period.  However,  these  values  re¬ 
mained  well  within  normal  limits.  Al¬ 
though  the  blood  scrum  levels  of  the 
drug  were  net  determined  in  our  dogs, 
the  absence  of  renal  damage  is  attrib¬ 
uted  to  the  small  amounts  absorbed  into 
the  blood  stream  from  the  digestive 
tract. 

It  has  been  shown  in  this  paper,  and 
by  Castleberry  et  al  (1962)  and  Sinski 
ct  al  (1963).  that  dogs  exposed  to 
respiratory  doses  as  low'  as  2000  to 
10,000  C.  immitis  arthrospores  can  be 
expected  to  develop  severe  or  dissemi¬ 
nated  (cxtrapulmonary)  disease.  The 
number  of  dogs  used  in  this  study  is  ad¬ 
mittedly  small.  However.  S  of  12  dogs 
subcutaneously  vaccinated  and  subse¬ 
quently  treated  were  negative  to  severe 
aerosol  challenge  with  7000  to  $0,000 
arthrospores.  The  remaining  4  re¬ 
sponded  very  minimally. 

it  is  evident  that  the  incidence  and 
severity  of  coccidioidomycosis  in  aero¬ 
sol-challenged  dogs  can  be  safely  and 
materially  reduced  by  combining  the 
physiological  effects  of  a  subcutane¬ 
ously  administered  killed  arthrospore 
vaccine  with  daily,  orally  administered, 
prcsoluliilizcd  amphotericin  B.  If  a 
corollary  may  lie  drawn  between  man 
and  dogs,  this  may  well  be  an  excellent 
protection  tc  workers  in  the  field  of  coc- 


ridjjnidnmvcocig.  i.e.;  routine  subcutaae- 
ous  injection  of  a  vaccine  of  this  type  or 
of  the  type  developed  by  Levine  et  al 
(1962),  combined  with  low  oral  doses  of 
amphotericin  B  at  the  time  of  known 
lalxiratory  accidents. 

SUMMARY 

A  3-phase  study  of  vaccination  and 
antibiotic  therapy  in  experimental  pul¬ 
monary  coccidioidomycosis  of  dogs  was 
made  to  determine  (a)  the  efficacy  of 
various  routes  of  inoculation  of  a  form¬ 
aldehyde-killed  arthrospore  vaccine, 
(b)  the  combined  effects  of  vaccination 
and  oral  amphotericin  B  therapy  ad¬ 
ministered  immediately  following  respir¬ 
atory  exposure  tc  Coccidioides  immitis, 
and  (c)  renal  damage  or  nephrotoxicity 
resulting  from  oral  amphotericin  B 
therapy.  Neither  of  the  pulmonary 
routes  of  vaccination  (aerosol  or  intra¬ 
tracheal).  either  singly  or  in  combina¬ 
tion  with  oral  amphotericin  B  therapy 
(150  mg  per  day  for  20  days  following 
challenge),  provided  protection  against 
a  subsequent  respiratory  challenge  of 
approximately  $0,000  C.  immitis  arthro- 
sporcs.  Neither  subcutaneous  vaccina¬ 
tion  nor  therapy  alone  provided  protec¬ 
tion.  However.  S  of  12  dogs  receiving 
both  subcutaneous  vaccination  and 
therapy  completely  resisted  the  respira¬ 
tory  challenge.  The  remaining  4  ex¬ 
hibited  very  minimal,  self  contained 
disease.  Histopathologicnl  examination 
revealed  no  renal  damage  or  nephro¬ 
toxicity  in  any  of  the  dogs  receiving 
amphotericin  B  in  a  total  dose  of  more 
than  3  g.  and  their  blood  urea  nitrogen 
levels  remained  within  normal  limits. 

MFEtENCES 

Aleksandrov.  X.  I..  Gefen.  X.  Y-.  Garin,  X.  S. 
Gapoehko.  K.  G-.  I  Ixsi-Roj.  1. 1.  andSrrgcver, 
V.  31.  195?.  Yoyenn<»-3Ieditsm*kiy  ZHumal 
12:34-33. 

BcH  X.  If-  Andriole,  V.  T,  Sabesin.  S.  31.  and 
Viz,  J.  T.  1962,  Amer  J  3!cd  33*4-69. 


48  Castlererry,  Converse.  Sinski, 

Campbell.  C.  G  and  Hill.  G.  B.  1959.  Trans  4th 
Ann  Mtg  X'A-AF  Coccid ioitfom yrosi s  Co-op 
Study,  pp.  20-21. 

Castleberry.  M.  W..  Ijom,  E.  I»..  Sinski.  J.  T., 
Cor. verse,  J.  I...  Del  Favero.  J.  E-  and  Fakes. 

S.  F.  1962.  Trans  7th  Ann  Mtg  VA-AF  Coccid- 
■  ioidomycosis  Co-op  Study. 

Converse.  J.  L-.  Castleberry,  M.  W..  Bcsemcr, 
A.  R.  and  Snyder,  E.  M.  1962.  J  Bact  84:46-52. 

Converse,  J.  1_,  Castleberry.  M.  XV..  Snyder, 
E.  M.  and  l.owe,  E.  F.  1963,  Trans  8th  Ana 
Mtg  XrA-AF  C ocod  ioidooi  \To>ts  Co-op  Study. 

Eigelsbach,  li.  T..  Tulis.  J.  J..  Overholt.  E.  1_ 
and  Griffith,  XX'.  R.  1961,  I ’roc  Soc  Exp  Biol 
Med  108:732-734. 

Friedman,  1-  and  Smith,  C.  E.  1956,  Amcr  Rev 
Tuberr  Fulmooary  DIs  74:245-248. 

ilitchner,  S.  B.  and  Retsing.  G.  1952.  Froc  89th 
Ann  Mtg  Anser  Vet  Med  Ass.  p.  258- 

Koog.  Y.  Levine.  H.  B.  and  Smith,  C.  E. 
1963.  Sabouraudu  2:130-142. 


Lowe.  Pares  axi»  Dei.  Faveko 

Levine,  11.  B.,  Cobb,  j.  M.  and  Smith,  C.  K. 

1960.  Trans  XY  Acad  Sci  22:436-449. 

Levine.  II.  B.,  Cobb.  J.  M.  and  Smith,  C.  E. 

1961.  J  Immuit  87:218-227. 

Levine.  II.  B..  Miller,  R.  I_  and  Smith.  C.  E. 

196?.  J  Inimun  894242-251. 

Negroni.  I’.,  Xlvoli.  I).  and  Bontiglioli,  II.  1949. 

Rev  Inst  Maibrin  14:273-286. 

Sanford.  XX".  G..  Rasch.  J.  R.  and  Stoiiebill,  R.  B. 

1962.  Ann  inti  Med  56:553-563. 

Sinski,  J.  T..  b)*v,  E.  I*.,  Castlelierry,  M.  XX'., 
Maire,  1..  F..  Ill.  Del  Favero.  J.  E.,  Fakes, 
S.  1*.  and  Converse.  J.  L.  1963.  Salwuraudia 
3:106-113. 

Sinski,  j.  T.,  l.owe.  K.  1*..  Conant,  N.  F.,  llardin. 
11.  F.  and  Castleberry.  M.  XX'.  1963.  TrausSth 
Ann  Mtg  VA-AF  Coccid kxlonivcosis  Co-op 
Study. 

YpgeL  R-  A..  Fetter.  B.  F..  Coetant.  X.  R.  and 
ijove.  E.  F.  1954.  Amcr  Rev  Tubcrc  Fulnto- 
narv  I  Ms  79:498-503. 

XX'oHV^  E.  K..  Jr.  1961.  Bact  Rev  25:194-202. 


